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A bstra ct
char a cteristic s a ndpr oble m s oftheAralSe ade s erWICatio n c a u s ed by aninig血o 叩 01icy w as
dis c u s s ed fr o mthe vie w point ofla nds cape ecology･ (I)Generalc onc epts ofv egetation
distributio nin cluding ge obotanicalz o ning, (2)lands c ape m o saicsin delta v egetatio n, (3)
relado n shipbetw e e ntr aditionala nd 皿 Oder nla ndtlS e and n aturalco ndi血n, and(4)vegetado n
change sc a u s edby m as siveirrig血o ninthe a rid are a s of Middle As ia･ A tim e sequ ential
anim atio n of GVI, v egetadon m aps m 姐efr o mN O A A LACalldS P Cq
l
li R V data s ets w er e
very po we rfu lfo rthe study･
Key w o rds :the AralSe a, desertific ado n, aridar e as, lands c ape ec ology･ vegetEdo n change,
r em ote s e n slng, S u Stain ableland us e, vegetatio n m o nito n ng･
1.Intr odⅦctio n
An exploitativ eirrigation policy of di eforlTM:rSo vietUnio n, which suppo rts c otton andric
e
producdo ninM iddle As ia hasledtothe dr astic c o nk
.
a cdo nof the Aral Sea･ In ad dido nto
this s e n s ado nalfact, thelarge a m o u nt of imigatedlands ar egoingto redu c epr oducti vi
ty
be c aus e of s aliniz atio n. Thisphe no m e no nis cal1ed the Aral Seadesertific ation ･ W e r nst
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dis血guish theterm sde serWICatio n a ndde s ert. A des ertis a n atLlraleco syste m fo und in
aridarea sin which e c ologicalco 皿dito n s c o n血ue.to cha nge o n ad aily, s e asonally, a nd
ye arlyba sis ina n atu ralw ay･ Iks ertific ado n, o nthe otherha nd, m ean sadr asdcde cline of
biologicalpr odu c也vity or ade cr e 払 ein biological diver sib,. Itis nece s s ary, ther efo r e, to
kn o w whatthe n atural nu ctu atio n s a re, in ordertodistinguish them and as es sthe hu m a n
impa ct o nthe m.
Itgo es withotlt S ayingthatirrigatio n agrlCultLW e W a s n ot Plannedfo rthe ptlrPOSe Of
destr oyingnat ur e･ M anagingto cr e ate a nen or m o u sinco m efrom imigab5d agric ulhre was a
brillia nt succe s sI Ho wever, the C o ntractio n of the Aral Se a a nd s o m e other c o n s equ e n c es
br o ughtbyimig血on hadbe e ntreated astrifl ing m atter sby the a nthorities unti1the 1970s.
T he dev elopm e nt s e e m sto ha v ebe e npla n n ed mainly fr o m the vie w point of r apid
c o n structio n･ Carefu1c o n sider ation to s u stain ability w as n otgiventothe e xte n sivepr oje ct.
Ric eprodu ctio nin c ropr ot血 o n, ho w e v er, s e e m stoha v ebe e nplanned fo rle eLChingsabiz ed
s oils･ Ric eis a main cr op pr odu cted in theirrigado n syste m of Ka zakhsta n, but the
produ ction is m aintained by a n e n o rm o u s am o unt of w 血er, m or ethan 3,000 叫
(Watan abe et. al. 19 6).
A触r1980
,
cotto npr odu cdo nin Uzbekista nbegan, asdid ric epr odu ctio ninKa z akhstan
because of salin z atio n･ T his de m o n str ate thatlarge s cale agric ultu re n e edto beba sed o n
la nds cape e c olgyin o rde rto achie ve s u stain ability.
W e ar ego ngtOPre s e nt a n a加 mlstru cttlr e Ofthe v egetadon disbjbudo nin th is ar e a and
show thetype s ofcha ngesthata reno wtaking pla c eby m e an s ofr e m ote s e n sing andgr o u nd
tmtb.
2.Ge n e ral r e c ogmition using G VI amim atioTL
rrheirr igated a r ea sin M iddle Asia str etche salo ng rivers andbig c an als. Syr-Dar
､
ya and
Am- Dar
､
ya riv ers of Aral Seabasin 皿d llir v erfo rB alk haslake a rethe m 血 s o u r c e sfor
irrigatio n･
Asthepre cipitado nis ar o undlOO 叫 r. , biologicalpr odtlCtivityin the aridar e a of the
Middle As ia n natu ralc onditionsis v erylo w. h addito n, n om adis mhadbe e nthe mi 1a nd
utilza血o n u ntil the 1950
'
s whe nthis large s cale i miga:tion pr oject started. We notic e ,
how ever
,
that de s e rtdo e s n ot m e an simple and unifo rmlylow pr oductivi呼. Due to the
abu ndantsolar r adiation, the pote ntial fo rthe pr odu ctivity ofpla nts thr oughimigation is
gre aterin 血e Aral Sea r egion than in Japan (Otsukiet･ all 1996). Even ina n atural
eco syste m, gre血 m o unt血1 r ange s C apturePre cipitation, andbig rivers flow dow nfto m the
m o u ntain stothedes ert area Ibelieve thatlarge Phn zgmites co mⅡIumities at the deltas of
the s eriv er s a nd lake s m ayha ve c o ntributedtothe m otiv efortheimigatio n agn cultu r e.
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An anim atio n of w eekly Glob al Vege血 o nInde x(G Ⅵ)data set c o nld sho w 也e
char acteristics of the s e a s o n alcha nge ofthe v egetatio n a c也vity･ Tw o c o mpletely differe nt
a nd co ntr a stivetype ofv egetatio n e xistinthe ari da re a･ On eis spring-type v egetadon which
depends o n o n-die
-SpotPre Cipitado n. Arie misiate 7rae - albae isthe m o stc o rr m on s m an
shrubspecie sin s u ch e nvir o n m ent･ The height ofthepla ntis determin ed by qu andty of
spring rainf札 and it tL m Sbr o w n a nd is dorm a ntins u m rner･ Itis 血e chm atic clim 弧
coTn mu nity. The otheris s u m m e トtyPe V eget血on which depe nds o n undergr o und w ater
arLdriver water･ T 山sis the wetlands v eget血 on which co n sists ofa s eriesalonggr o u nd w ater
le v el;Phragmite s a u stralis c o 皿 rEmitiesinthe m o st wete n vir o ntTlent, riv ersidefo r est called
Tugai,gr a s sla nd ofCala m agro stis epigelO S, Ta m arix spp. et･ all includingm edicinalpla nt,
Glyc eymiz a. The s etre es a ndpla ntshadbe e n s uppo rtingthelife of n o m adsin cludingdleir
tentho u s ecaned a
'Yultal .
3. G VI a s sisted ge obota nic a1 2: O ll mg
Veget血o ntype s andtheirdistribudo nha v ebe en studied in dep lby N ･ Ogar a nd odlerS,
ho w eve r r e m ote s e n s 皿g data c an as sist the studyin v ario tlS aSpeCtS1 O nly by field
e xpedido n s. We ekly G Ⅵim ages c an offer 血po rta ntinfo r nado n sonthe dete rmin ado n
ofdiege Obotanic a12X) Ring. Vegetado ntypes a r e affe cted by ge ology, topogr aphy and
r eglO n S, and s a紐Iliteim ages of lo w spahalr es oludo n are expectedto sho w c o mprehe n sive
lands capes of也e r egio n.
The prl n Cipalc o mpo n entim age c re ated 血o m N D uof w e ekly G Ⅵforfou r s e as o n s･
temper ature and a n e arinfrared chan n elc o uldeffe cdv ely as sitin thege obota nicalz o nlng･
An d 也e rdiabnityofthe r e stl w asverifiedbyre cla s si血 血o n ofs 皿Ipledpix elsin 耽h 2Dne
u sing the maxim u mlikeliho od m ethod･ Facto r a nalysis for the species c o mpo si由 n of
e a ch zone sho w edtheimporta n c e ofgr otlnd w ater c onditio n andsu rfac ege ology･
T hu s w e ar e ableto c reate alarge scalelands c apeec ologicalzo nlng m ap Of the aridareas
of Middle Asia･ T his map sho w sthat c o ndit onsin the des ertbe c o m e m o r e s ev refr o m
B al kha slake thr oughthe AralSeatotheCaspia nSe al
4. Mo s aic s of delta v egetatio n sho wn bySPOT IIRV
In springbm e, b oding o c c u rsin diedelta are adu eto s n o w m e
lting o nthe m o umtain･
Thisis es s e ntials e a s o nal dyn amic sforthe v egeta血 n of thedelta s;s ubm e rgen ce, le a ching
s abitya nd 伽shingsntys o且do w ntothelake･ Dyn amicpr o c e s s es s u ch a s
the destru ction
ofvegetatio n, the s c attering of se eds andthe regene ration of the pla nt c or= n u
nity o c cu r
naturauy･ s p o T H R V 血ages ofthelli delta show u s m o s aic s ofthepatc
h regen erado n of
- 67 -
theplantc om m u nitie s. That m e an sthe n attualvegetado nina delta c onsists of distu rb an c e
depende ntplantspecies, and adiffic ulty withthegr o undtruth highr esolutionim agestake n
Borneye arsbefo r e･
Res e rv oird am c o n stru ctio nin theB al khasLakebasinha s c atlSed akindofde s ertific ado n
of die Ill delta. T hisis not o nly du eto the us e of w ater fo rirrigadon, but to flo oding
r egulatio n s･
5. Exte nsiv eirrigatio n agricul ttl r e a nd tr aditio n alland tI S e
Tr aditionalla nd u s ein thepasthadclo setiesto n aturalc o nd 出o n s･ The e n vir o n m e ntof the
sikRo ad and c olo nie sincluding fa m o u str ad ing cities s u ch asS am akand and Tashke nt
offers suitable c onditions for o asi agricultu re･ T hatis, the e nvir o nm e nt is n either a
m ountain ous zo ne n oradesertlo wland. As in Uzbekistan, o a sis agriculttw e at thefo ot
of a m o u ntain r ange c a ncaptLm r ain falll Thu s, tr adito n al c otto n and silkw o rm
pr odu ctio nhadbe e n s u stain ablein Uzbekista n･ In Kaz akhstan･ ho w e v er, n o m adis m had
be e nthe m o st uitable and s u stain ableland u s einaridare asbe c a use of thela ck ofs u chan
envir on m e nt.
on the othe rh皿 d, w ed and w ere cho s e nforlarge s caleirrigatio n agnc ultur e wher e an
appr opriate drain age syste m, the m o stirrIPO rtant c ounte r m e asu re ag乱 nSt Sal in iz at o n, is
difEic ultto co n str u ct. Ev e n u nder n atur alc o nditio ns with 皿o od ing, s o n sparts ofadelta are
c o v er ed wi th Solonchakand Takyr s oils wher ebio m a s si v e rylimited･ n e s e c o nd出o n ar e
clarified with a c olo r synthesisimage of N O A A I･ Cwhichc o n sits ofvisible r a nge(blue),
in丘ar ed(gr e e n)and ther malr ange(r ed, r e vers e)･ We c a ndis血guishsal in iz ed s oils 丘om
clouds whicha r ealm o stinevitableforlarge ar e a s.
6. Saks a w o ol a nd ba rbe c tl e
The riv er sidefo r esthas alarge standing m a s sper unit ar e a, but only o c c upies alimited
lo wland in the vast des ert eglO n･ Her e w e 皿 1St m emio nSaksa w o ol･ w hich depends o n
littlepre cipitatio n a ndc oTnPa r血v elyde ep u nde rgr o und w ate r･ Itis adr o ught toler a nt･ C 4,
and large shrub which hasthelarge stbio m a s sin the a re a･ Ther e ar etw o spe cies, n amely
Halo xylon pe' sicum a nd H. aphylum , thefo r m e rp efe rrings andyc o nditio n･ T he height
a nd de n sityof the Saks a w o ol w o odlarlds a re mainlydete rmin ed bythe gr ound w ate rle vel･
Theyfo r m sparse c o m munitie s ofle s stha n1 m inheightu nder dry c o ndito n s･ How e v er,
clo s ed stands aroundtheimgatedfa rm s s oln etim e sre a ch6 m inheight･
w e c an cle arlys e ethe e x amples ar o und the Berekefarm n e arthe Baka
nasin the B alk has
basinby m ea n s of afals e c ol r c o mpo siteim age ofSP O TH R V･ Alo ngthedr
ain agelin e･
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which is age ologicallyold rive rflo w･ o n activatedSaksa wo olc o= m 7=u nityc an be re cogniz ed･
Thisistho ught tobe ate mpor alstagein a cha ngeto aTs ugai for est.
Ch the otherh and, a main din ne re ntr e e ofthe n o m adsis barbe ctle Ofl mttO n Called
Shashrik･ The cha rc oalof Saks a w o olis 血e be st fuel forco ok血g, and its tLS age a nd
rege n e ratio n w e r e c o n sideredto bein ab alance befo r ethe 1950s. Butitha sbeen o n a
rem a rkablede c re as e･ αle Ofthe r e as o n sfor th is sthe sho rtage and theris ein pric e of oil
andc oalafterthediss olutio n oftheSo viet Unio n. Saks a w o olw o odlands, o n c edis&ibuted
wi delyin theform er Aral Sea sho r e r eglO n, ha v e mosdy be en cutdow n ah% ady･ We can
s e e s o m e e xperim e nts withaffo r estatio nin ぬe Saks a w o olw o odla nd, but theyha v e notbe e n
as uficie TItS u c c es s.
7. In v a sio Ilby pla nts o nthe e x sic c ated se abed of Ara)
Itha sbe e n said byjo u malistthatthe e xsic c鉦edseabeds ar eco v er ed wi al O nlysalqs a nd a nd
siltyclay. Ho w e v er, thr ough the u s e of SPCTr H R Vim age s and c ar血1groundtn lth,
infor matio n abo ut 也e exsic cated se abeds pr o v ed this state m e nt to be an e x agge r血o n.
Moving s a nd dunes, which w er e c a u s ed by o v e rpasb ring, a r eine xiste n c e only ar otl nd
village s.
On the e x siccated s e abed ofthe AralSe a
,
inv a sio n and plant s u ∝ e s sio n ar e n o w
occ ur n ng o n avery dyn amic basic. Pio n e erplants her e ar ethe an n ualhype rh alophyte s:
At7iple xfominii, Salico mia e u 7VPa ea, Sua eda a lruata ･ So m etim e s, a v e rylarge plant
co m m unity o n a salts w a mpis e stablisheddurizlgtheinitialdecade, but the nitde clin e s a sthe
e nvir on m e nt ch ange s. The inv a sio n of Tam a n
'
x spp･ o cc w sin the e arly stage and
e ndu re sfor a c o mpar ativ elylo ng tim e. As a results, w e c a n cle arly notice belts of
v egetatio nin也e clas sified Satelliteim age u sing 也re e chan nels a nd an N D Ⅵchan nel of
S P ロT H RV. Pla ntsuc cessio nalo ngthe pr o c e s sfr o m a saltsw alTIPtO adryland o c c u rs
ac c o rdingto the s oilpr operties andother c o ndido n sI T her ear ethr e e maindire ctio n s; n a m e,1y
h alophyte, m e adow andps am m ophytedirectio n s(Ogar1995)･
Itis a n asto nishingfa ct也at w e c a n see vegetatio n e v e n o n也e e x sic c atedseabed inthis
e xtr e m elydryr egio n･ W e m u st add, ho w e v e r, dlat W e couldn otfind anySaks aw o ol which
is th与 m OStimporta ntspe ciesfor the enviro n me nt.
S. Tr ade off relatio n ship
So m eec ologists do n ot re c o ln me nd ricepr odu ctio nin su ch a ridar e as･ Itis れ e in o n e
se nse, how e ve r, thatrice requ ∬esalm o stthe s am ehabitatas P hyvgmites andric epr odu ctio n
m aybe a n atural1皿d utilizatio n･ T his m e an sthat ric epaddies areinatr ade offrelEtio n ship
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wi thn 血1ralw edands. The ND VIim agesin s u mm e r&o mN O A AL A Cshow largeirrigated
fa m s and natu ralw edands cle a rly, andpr ovethat the ar ea of irrigatedfarm s re a che s upto
o ne sixth of the w edandsin theIli Rive rbasin. T hepr opo rdonisfar s mal1e rthan dl atfo r
dieAralr egion ･ This m ay bethe main re as o n why the B 血 as are ahasfe w erpr oble m
widl Culdv atio n, andina sen se, withthe n atur e c o n s ervatio n ofw etlands which is ab
'
eas u r e
chestof wildlife.
w edands co n servatio n, rev egetatio n of theTstlgai for e st, a nd theSaks a w o ol w o odlands
are ne eded fo r血e restof aBon a ndthe co n s e rv血 o n ofn atLlralpr odu cdvityand biodiv er sityin
the addd8 S e rta re as Of MiddleAsia.
9. R efer e n c e s
Kobayashi, T. , Mo r血 ur a, A. , Temirbeko vS･ azLd Morim oto, Y･ (1995),
`℃c ofumcdo nal
analysis of dryland vegetatio n
- stru ctur e
,
m e cha nis m and 血eir cha nges
”
, Proc･ ofthe
Fo rum o nCa spz
'
a n, Arala nd De adSe a, U N E P/ ⅢTC, 79-91
Mori皿 )tO, Y. , M orim ur a, A. , Kobayashi, T. a ndOgar, N･(1995),
"Vegetaho ndyn mic sin
aridar e a ofthe Ce ntral As ia wi thsp∝ialr efere n ce to the irrigado n
り
,
Jo u r･ Jap･ So c･
h igatio n, Drain age a nd Re cl am atio nEngine ering, 64(10),10 13-1016･(in Japa n e se)
ogar, N . (1995),
``An thr opoge nicdynamic s ofv egetatio n ofthe Ce ntral As ia
”
,
P'DC･ Ofthe
Foru m on Ca spia n, Ar ala ndDe ad Se a, U N E P n E T C,73
-78
ohte, N . , O ki, T, and Morim oto, Y･ ,
川A str ategyfor e s血n ado n ofw ate rbudgetinthe Aral
se abasinby atm ospheric w ate rb alan ce
”
,
Pro c･ ofike Fo n L mOn Cbspia n, Ayd and De ad
Sea, U NB PノⅡ三T C, 101- 13
obuki, K . , On e, a . and Ts uts ui, fI.(1996),
" C hm atological fe atur es and agric ultu ral
pr odu ctivityin the Aral Se aBasin
M
･ J･ Jap･ So c･ Im
'
Batio n･ DTZinage and Re cla m ation
Enginee ring, 64(10), 1007-1011･(inJapa nes e)
p並sak, R. P. and Ogar, N. (1989),
`
?rodu ctivityand stru cture of de sert zo n e m e adow s
''
･
Alm a-Ah, Nauka, pp. 18 6,(in Ru ssian)
wata Jl abe, T･ , Ogino, Y･ , Tak aishi, El and Shimiz u, K･ ,
=Irriga血n m an agem e ntinpaddy
-
bas edr otadonalcroppngsyste m sh the Aral Se abasin
‖
,
J･ Jap･ Soc･ IT7igation･ Dl m
l
n age
a nd Re clam atio n Engin e ering,64(10), 10 3-1006･(inJapane s e)
ー70 -
